Summary
Both glycine and methionine, when added to a suspension of human bone marrow cells, impaired the utilization of deoxyuridine for DNA synthesis, using either the uptake of 3H-deoxyuridine or the sub sequent uptake of 3H-thymidine as an index. The deoxyuridine suppression (DUS) test introduced by KILLMAN (1) and METZ et al. (2) measures the conversion of deoxyuridine (UdR) to deoxythymidine usually in bone marrow cells. This step requires functioning folate coenzymes and hence is abnormal in vitamin B1, and folate deficiency associated with megalo blastic anemia.
Amino acids that are concerned with single carbon unit metabolism influence folate metabolism (Fig. 1) . In vivo methionine (Met) administration will reduce formiminoglutamic acid excretion in untreated pernicious anemia and in a variety of experimental animals. In addition, Met alleviates the effects of vitamin B12 deficiency in rats and this aspect has been reviewed by SHIN et al. (3) . The effect of homocysteine (Homo) and Met on the DUS test has been reported by WAXMAN et al. (4) and CHENG et al. (5) .
The methylfolate trap hypothesis (HERBERT and ZALUSKY (6) SILVERMAN (7)) suggests that there are two folate pools in the body, a methyltetra hydrofolate pool and tetrahydrofolate pool, and entry from the first to the second pool requires vitamin B12 acting via Homo methyl-transferase in the Homo-Met reaction. In megaloblastic anemia caused by vitamin B12 deficiency, the methyl folate pool expands at the expense of the tetrahydrofolate pool since metabolism of methyltetrahydrofolate is impeded because of vitamin B12 lack. The purpose of this study was threefold, viz, to see if the results of the direct uptake of 3H-UdR by marrow paralelled the results obtained in the DUS test, to see the effects of the addition of amino acids giving or receiving single carbon units such as glycine (Gly), serine (Ser), Homo and Met, and thirdly to see if there were any significant differences in the behavior of normoblastic vs megaloblastic marrows in these tests: that is, did marrow with one or two folate pools behave differently. studied in rats and sheep. In the vitamin B12-deficient animals Met tends to over come the effect of vitamin B12 lack (3, (12) (13) (14) (15) . The relevance of these observations to man however remains uncertain although a single report of RUNDLES and BREWER (16) (5) revealed this effect in vitamin B12-deficient rats. Our result coincided with that of the latter. For the first time in the present study, we observed effects of Met on the incorporation of 3H-UdR and 3H-TdR directly. Met decreased the uptake of UdR and increased that of TdR. This shows that Met actually disturbed the pathway from deoxyuridylate to deoxy thymidylate. Theoretically however, the addition of Met should not effect this pathway in megaloblastic marrow cells because it was already suppressed. But the report of WAxMAN et al. (4) showing no effect of Met on DUS test in vitamin B12-deficient marrow was not confirmed by the present study and by that of CHENG et al. (5) . No difference was observed in the effect of Met on the normoblastic and megaloblastic marrow. This fact suggests either that the defect of methyla tion of deoxyuridylate in megaloblastic marrow cells was further aggravated by Met or that the effect of Met should be interpreted as a phenomena appearing only in vitro. Direct measurement of the amount of 5-10-methylene tetrahydrofolic acid available for the methylation of deoxyuridylate is required to solve this question.
MATERIALS AND METHODS
WAXMAN et al. (4) also observed the effect of Homo only in vitamin B12-de ficient marrow and suggested that Homo facilitated de novo DNA synthesis. Their assumption proved to be incorrect by the present finding that Homo reduced not only the incorporation of UdR but also that of TdR. Also no difference in Homo effect was seen in normoblastic and megaloblastic marrow. Although CHENG et al. (5) supposed that Homo interfered with DNA synthesis at the later levels than deoxyuridylate methylation, another explanation is possible. TISMAN et al. (17) reported that penicillamine suppressed the incorporation of 3H-TdR, 3H -UdR and formate-14C into DNA of human bone marrow cells and this effect was also seen in other sulf hydryl containing amino acids, including Homo. We observed that the viability of bone marrow cells was significantly damaged after incubation with Homo though no such effect was observed with Met, Gly or Ser. Therefore, a decreased uptake of UdR and TdR may be due to cell damage by Homo in vitro.
Gly had a similar effect on Met confirming the report of WAXMAN et al. (18) . The most likely explanation may be that the addition of Gly caused the diminution of 5-10-methylene-tetrahydrofolic acid by promoting direction of the reversible reaction by the enzyme Ser hydroxymethyl transferase (Fig. 1) to Ser formation (19) . Surprisingly however, Ser, which might be expected to have an opposite effect, produced little change. Although significant change by Ser in the DUS test value in normoblastic marrow was observed, no effect of Ser on TdR or UdR uptake indicates that this finding was rather incidental. Here again further study on the change of the amount of folate coenzymes in the cells is required.
